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Abstract
Millions of long-lasting insecticide treated nets (LLINs) have been distributed as part of the
global malaria control strategy. LLIN ownership, however, does not necessarily guarantee
use. Thus, even in the ideal setting in which universal coverage with LLINs has been
achieved, maximal malaria protection will only be achieved if LLINs are used both correctly
and consistently. This study investigated the factors associated with net use, independent
of net ownership. Data were collected during a household survey conducted in Ebonyi
State in southeastern Nigeria in November 2011 following a statewide mass LLIN distribu-
tion campaign and, in select locations, a community-based social behavior change (SBC)
intervention. Logistic regression analyses, controlling for household bed net ownership,
were conducted to examine the association between individual net use and various demo-
graphic, environmental, behavioral and social factors. The odds of net use increased
among individuals who were exposed to tailored SBC in the context of a home visit (OR =
17.11; 95% CI 4.45–65.79) or who received greater degrees of social support from friends
and family (ptrend < 0.001). Factors associated with decreased odds of net use included:
increasing education level (ptrend = 0.020), increasing malaria knowledge level (ptrend =
0.022), and reporting any disadvantage of bed nets (OR = 0.39; 95% CI 0.23–0.78). The
findings suggest that LLIN use is significantly influenced by social support and exposure to
a malaria-related SBC home visit. The malaria community should thus further consider the
importance of community outreach, interpersonal communication and social support on
adoption of net use behaviors when designing future research and interventions.
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Introduction
Malaria is currently responsible for an estimated 220 million infections and 660,000 deaths,
mostly in children less than five years of age, with around 90% of deaths occurring in Africa
[1]. Insecticide-treated nets (ITNs) have been shown to reduce the incidence of malaria epi-
sodes by 50% in endemic areas [2] and have accordingly become one of the key strategies
employed in the global malaria response [3]. Millions of free or highly subsidized ITNs and
long-lasting insecticide treated nets (LLINs) have been distributed in the last decade [4–6]
resulting in substantial increases in ITN ownership in many malaria-endemic countries [7].
However, multiple studies have revealed that rates of ITN use are often lower than rates of ITN
ownership [8, 9]. This presents a significant obstacle to realizing the maximum benefits of
ITNs for malaria-related morbidity and mortality since ITNs are maximally protective only
when utilized correctly and consistently [10].
Previous studies have explored this apparent “gap” between net ownership and use. Poten-
tial determinants of ITN use previously identified include: demographic characteristics [11,
12]; an individual’s knowledge and beliefs related to malaria and bed nets [13–17]; dwelling
construction, family size/composition and sleeping arrangements [14, 18, 19]; physical charac-
teristics of bed nets [14, 19, 20]; environmental factors [14, 19, 20]; community and cultural
characteristics [21]; and household net density [14, 20]. However, programmatic implications
of these findings are not always obvious given that the direction and magnitude of reported
associations vary by geographic location, epidemiological setting and method of analysis. This
paper examines the determinants of net use through analysis of household survey data col-
lected in southeastern Nigeria and discusses their implications for programmatic interventions
designed to increase LLIN use.
Nigeria alone contributes 25% of the African malaria burden [22]. With nearly all of the
country’s 160 million people at risk, and an estimated 110 million cases a year, malaria is
Nigeria’s most significant public health issue [23]. Since the first national strategic plan for
malaria control was introduced in 2006, ITNs, and more recently LLINs, have comprised the
central component of the national malaria control efforts [24–26]. At the time of the 2010
Malaria Indicator Survey (MIS) in Nigeria, approximately 42% of households owned at least
one ITN and 24% of the people in the total population had slept under any net the previous
night, well below the targets of>80% [27]. The analysis of net use among people owning an
ITN revealed that only 49% slept under an ITN the previous night, indicating that low net use
could not be attributed to low household net ownership alone. Since that time, Nigeria has
done much to address the problem of low net ownership, distributing around 56 million nets
between 2009 and 2013 in the context of a national campaign [28]. However, there is concern
that the lack of accompanying behavior change communication (BCC) to support mass distri-
bution may not lead to significant increases in net use [28].
The analysis presented here contributes to the growing body of work on determinants of net
use by assessing the characteristics most strongly associated with net use among an adult popu-
lation in a malaria-endemic region that has recently completed a statewide mass LLIN distribu-
tion campaign, while controlling for the confounding effects of household net density. It also
provides insights into the potential mechanisms by which community-based programs like the
one introduced in Ebonyi State can motivate increased net use.
Materials and Methods
The Carter Center, in collaboration with the Nigerian Federal Ministry of Health (FMOH),
conducted annual malaria cluster surveys from 2007 to 2011 in the context of a larger study
examining the use of community-wide LLIN distributions to interrupt lymphatic filariasis (LF)
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transmission [29] in rural areas of two local government areas (LGAs) of Ebonyi State: Abaka-
liki (population = 157,723; 74.5% rural) and Ohaukwu (population = 196,337; 100% rural).
This paper presents the results from a secondary analysis of the November 2011 survey data
from these two LGAs in order to examine determinants of net use following a mass LLIN dis-
tribution campaign and, in select areas, a social behavior change (SBC) intervention described
below.
Survey area
Ebonyi (Fig 1), a primarily rural state, occupies an area of approximately 5,935 square kilome-
ters and all of its 1.7 million inhabitants are at risk of malaria. Anopheles gambiae s.l. are the
most common vectors for malaria and LF in the area [30], meaning that LLINs can be used to
reduce transmission of both diseases. Ebonyi State has two distinct seasons—generally rainy
from April to October and dry from November to March. The dominant species of malaria
parasite, Plasmodium falciparum, is transmitted perennially, although malaria episodes usually
peak towards the end of the rainy season [30].
LLIN distribution
From 2008 to 2010, The Carter Center, in collaboration with the Ebonyi State Ministry of
Health, distributed deltamethrin-impregnated PermaNets
1
(Vestergaard Frandsen) free of
charge in two LGAs of Ebonyi as part of a study to determine the impact of LLIN use on LF
transmission [29]: 52,684 LLINs in Ohaukwu targeting vulnerable groups (children under five
years and pregnant women), in line with FMOH policy at the time, and 56,680 LLINs in Aba-
kaliki targeting coverage of all household sleeping spaces. Between January and March 2011 a
total of 997,492 additional LLINs were distributed in Ebonyi state by the National Malaria
Control Program (NMCP) and its partners, including The Carter Center, through a statewide
mass LLIN distribution campaign that employed a two-nets-per-household strategy.
Social behavior change intervention
A community-based SBC intervention to increase the correct and consistent use of LLINs was
designed by The Carter Center and implemented through partnership with the Ebonyi State
MOH. The intervention was piloted from July to November 2011 within six sentinel villages,
three in each study LGA. Community health promoters, selected by their community leaders,
carried out the intervention at the household and community levels. SBC intervention activities
included: 1) monthly home visits by community health promoters; 2) mobilization of commu-
nity and religious leaders to support and promote malaria control interventions; and 3) organi-
zation of community events including net washing and mending days, workshops to build
portable net hanging frames, and malaria-related performances and demonstrations.
During monthly home visits, community health promoters assessed and then addressed
each household’s specific barriers to appropriate net use, hanging and care, employing tailored
messages and skills-building activities selected from a variety of options. Illustrated flip charts
utilized in these visits covered the following: the malaria transmission cycle, the costs associ-
ated with malaria and LF infection, the importance of sleeping inside a net every night and in
every season, strategies for hanging bed nets over any sleeping space, the correct height for
hanging nets, the importance of mending all holes in bed nets, and the appropriate way to
wash a bed net. The training materials and job aids emphasized the importance of encouraging
social support for net use, based on the belief that social relationships likely play an important
role in people’s net use behaviors in Nigeria. The support that people receive from members of
their social networks can take a variety of forms, including three that were targeted by this
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intervention: informational support (information and reminders), emotional support (encour-
agement) and instrumental support (financial and other tangible resources, direct assistance
with a task) [31].
Household sample selection
A complete list of census enumeration areas (EAs) was utilized to systematically select 14 rural
clusters from both Ohaukwu and Abakaliki LGAs (28 clusters total). An additional 30 clusters
were systematically selected from the six sentinel villages where the SBC intervention was con-
ducted to allow for comparative analysis. It was assumed a priori that all EAs were of approxi-
mately equal size. Twenty-six large EAs were segmented according to the UNICEF Multiple
Indicator Cluster Survey (MICS) sampling methodology [32]. All households in the selected
EA or segment thereof were included in the survey. The survey team visited 995 households in
58 selected clusters (Fig 2).
Survey instrument
The survey instrument for the larger survey included standard Malaria Indicator Survey ques-
tions on net ownership and use, household and sleeping space characteristics, and
Fig 1. Map of the survey area.Map highlights Ebonyi State in southeast Nigeria, and the Local Government Areas of Ohaukwu and Abakaliki, where the
November 2011 survey was conducted.
doi:10.1371/journal.pone.0139447.g001
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Fig 2. Survey sample. A depiction of the survey sample selection process.
doi:10.1371/journal.pone.0139447.g002
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demographics. In addition, a customized extended knowledge, attitudes and practices (KAP)
module was administered to a subset of adult household members. This module was informed
by socio ecological models of health behavior [33], as well as the Health Belief Model [34] and
Prochaska’s Stage of Change [35]. In addition to individual factors such as knowledge, attitudes
and self-efficacy, the survey measured malaria-related social support [36], social norms, access
to information and factors related to both built and natural environment. Data were collected
from consenting heads of households and their spouses (in male-headed households) to obtain
both male and female perspectives, particularly as women often have great influence over
household net use. From one dwelling to the next, trained survey staff alternated between inter-
viewing either the head of household or his spouse (in male-headed households) for the KAP
module. In every third household visited, the KAP module was administered to both the head
of household and his spouse. In cases where neither the head of household nor his spouse was
available, an alternate adult male or female family member was selected. In households in
which there were multiple wives, each wife was considered the head of a separate household,
following the practice employed during the national LLIN distribution campaign in Nigeria.
Data entry
Household survey data were collected on paper forms, double entered in Microsoft Access, and
subsequently converted to Epi Info 7 to check for consistency and identify any data entry errors
using the Data Compare procedures. Data were cleaned in Access and then analyzed using SAS
9.3 (SAS Institute Inc.).
Statistical analysis
Proportions and means of relevant population characteristics were estimated, adjusting for
clustering effects and sampling weights. A net density variable was calculated by dividing the
total number of nets in a household by the number of resident household members [14]. This
approach, unlike analyses that measure net ownership as the number of household owning a
specific number of nets, acknowledges the fact that the number of nets required for a house-
hold varies with household size. It thus allows us to separate the effects of insufficient net own-
ership from other potentially modifiable determinants of net use. Principal components
analyses, conducted using the methods of Der and Everitt [37], were utilized to develop several
composite variables including: household wealth index [38], net care knowledge, net use skills
and self-efficacy, malaria-related social norms, LF knowledge, malaria knowledge, and social
support of net use. The social support composite variable included questions pertaining to
informational, instrumental and emotional support.
To ensure an appropriate comparison population for individuals who received the SBC
intervention and to avoid inadvertently measuring determinants of net ownership (rather than
use), only respondents to the extended KAP module residing in Ebonyi State and living in
households owning at least one net were included in the analysis of determinants of net use
(Fig 2). To assess determinants of net use among respondents, potential explanatory factors
with a bivariate association with net use (as measured by self-reported net use last night) at sig-
nificance p< 0.25, according to the procedures of Heeringa et al. [39] were selected as candi-
dates for main effects in a multivariable logistic regression model. Regression analysis,
assuming absent values were not missing completely at random, was employed to provide
more conservative variance estimates. Explanatory factors were removed individually from the
model in order of least significance. Independently associated factors at significance p< 0.05
(ptrend< 0.05 for categorical variables with multiple levels) were retained in the final model.
To control for the potential confounding effects of differences in net ownership, the continuous
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net density variable was retained in the final multivariable model. Odds ratios, 95% confidence
intervals (CIs) and their corresponding p-values were calculated, adjusting for the cluster sur-
vey design and sampling strategy.
Ethical approval
The Ebonyi State Ministry of Health and the Emory University Institutional Review Board
approved the comprehensive protocol and use of oral consent for this survey due to high rates
of illiteracy in the study area (Emory IRB Protocol #5533). Selected individuals that elected to
participate in the survey provided oral consent or assent, which was documented with their
survey responses.
Results
Household net ownership and use
Table 1 presents weighted estimates of net ownership and use indicators among participating
households (n = 901). Overall, 72.2% (95% CI 60.3%-84.1%) of households in the two surveyed
LGAs in Ebonyi owned at least one bed net and 60.4% (95% CI 48.4%-72.3%) owned at least
two. Households owned an average of 1.52 (95% CI 1.24–1.81) nets per household, with a net
density of approximately 0.57 (95% CI 0.52–0.62) nets per person. Greater than 99% of all bed
nets owned were LLINs and 80.1% (95% CI 74.7%-85.5%) were used the night prior to the sur-
vey. Among households owning at least one net, 74.1% (95% CI 68.6%-79.6%) of individuals
reported sleeping under a net the night prior to the survey. Children less than five years of age
had the highest proportion of reported net use (79.9%; 95% CI 72.87%-86.97%), while adoles-
cents 15–19 years of age had the lowest (63.6%; 95% CI 53.90%-73.39%).
KAPmodule respondent demographics
Within these 901 households, 1020 persons completed the KAP survey module. Table 2 pres-
ents demographic data on the KAP respondents, stratified by SBC villages and non-SBC vil-
lages. Nearly half of respondents (48.3%) were female and the vast majority of individuals self-
identified as Christians (80.6%) of Igbo ethnicity (97.6%). Other religious affiliations repre-
sented included: Traditional (11.0%), Islam (0.7%) and non-religious (4.9%). Farming (includ-
ing fishing and animal rearing) was reported as the predominant occupation of respondents at
69.1% followed by hand-work/self-employed (8.1%), housewife (6.3%), civil servant (4.6%),
trader (4.6%) and student (2.7%). Nearly half of respondents (47.5%) reported having had no
formal education, 30.8% attained some primary education, 15.7% attained some secondary
education and 4.2% attained some post-secondary education.
Association between potential determinants and LLIN use
Table 3 presents bivariate logistic regression analysis of associations between explanatory fac-
tors and net use among respondents residing in households owning at least one LLIN (n = 883
individuals). At the 95% significance level, net use is associated with several factors including:
receipt of a malaria-related home visit (OR = 16.55; 95% CI 6.02–45.50), exposure to the afore-
mentioned SBC intervention (OR = 4.43; 95% CI 2.64–7.44), female gender (OR = 1.77; 95%
CI 1.16–2.71), increasing net hanging skills and self-efficacy (ptrend = 0.04), increasing social
support (ptrend = 0.03) and decreasing malaria knowledge (ptrend = 0.008).
Factors with significance between p = 0.05 and p = 0.25 utilized in the multivariable model
included: net density (ptrend = 0.112), education level (ptrend = 0.106), describing any disad-
vantages of bed nets (p = 0.064) and opinion on whether it is safe to hang a net where food is
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stored (ptrend = 0.236). Several additional factors were determined to be insignificant in the
bivariate analysis and were thus excluded from the multivariable analysis including: age; wealth
index; occupation; knowledge of appropriate net use, care and hanging; and net-related stereo-
types, rumors and perceived social norms.
The multivariable logistic regression analysis results are presented in Table 4. Controlling
for household net density, increased odds of net use among respondents in households owning
at least one net is associated with two explanatory factors: receiving a malaria related SBC
home visit recently (OR = 17.11; 95% CI 4.45–65.79) and increasing social support score
(ptrend< 0.001), where individuals with moderate and high social support are, respectively,
OR = 4.01 (95% CI 1.97–8.16) and 2.22 (95% CI 1.34–3.70) times as likely to sleep under an
LLIN as individuals with low social support. Additionally, two factors are associated with
decreased odds of net use including: reporting any disadvantage of mosquito nets (OR = 0.39;
95% CI 0.23–0.78) and increasing education level (ptrend = 0.020), where individuals with pri-
mary and secondary or greater education levels were, respectively, 0.43 (95% CI 0.19–0.95) and
0.42 (0.23–0.78) times as likely to use an LLIN as individuals with no education. Level of
malaria-related knowledge was also significantly associated with net use (ptrend = 0.022). Indi-
viduals with a moderate level of malaria knowledge were less likely (OR = 0.40; 95% CI 0.19–
0.95) to sleep under an LLIN than individuals with low malarial knowledge, however, individu-
als with high levels of malaria knowledge were similarly likely to sleep under an LLIN
(OR = 0.88; 95% CI 0.39–2.02) as those with low knowledge.
Discussion
This study investigated the factors associated with net use among male and female heads of
household, and wives of male heads of household, living in two LGAs in Ebonyi, Nigeria
Table 1. Weighted estimates of net ownership and use in 2 LGAs of Ebonyi state, Nigeria, November 2011. HH: Household; LLINs: Long-lasting
insecticide treated nets; SD: Standard deviation.
Characteristic Weighted % or mean (SD) 95% CI
Household net ownership (n = 901 HHs)
HH with at least one bed net 72.2 60.3 84.1
HH with at least two bed nets 60.4 48.4 72.3
Mean number of nets per HH 1.52 (1.06) 1.24 1.81
Mean HH net density (nets per person)a b 0.57 (0.40) 0.52 0.62
Net characteristics (n = 1698 nets)
Nets that were LLIN (%) 99.8 99.3 100.0
Nets used last night (%) 80.1 74.7 85.5
Slept under net last night, by age group a (n = 2934 individuals)
All ages 74.1 68.6 79.6
Children under age 5 79.9 72.9 87.0
Children age 5–9 years 75.5 68.0 83.0
Children age 10–14 years 69.5 61.0 78.1
Adolescents age 15–19 years 63.6 53.9 73.4
Adults 20–59 years 75.2 69.9 80.6
Persons age 60 years 78.5 65.4 91.6
aAmong households owning 1 net.
bDoes not include baby nets.
doi:10.1371/journal.pone.0139447.t001
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following the completion of a mass LLIN distribution campaign and a pilot social behavior
change intervention. Findings indicate that the level of social support for net use received from
friends and family, exposure to a malaria-related home visit (a component of The Carter Cen-
ter’s SBC intervention), reporting any disadvantage of nets, education level and degree of
malaria-related knowledge are significantly associated with LLIN use in this population.
Our study demonstrates the influence of social support on net use behavior. To our knowl-
edge, this is the first time that such a relationship has been explored in regression analyses of
determinants of net use. The relationship between social support and overall health and wellbe-
ing has been described in theory [31, 40], and supported by empirical evidence describing its
influence on the adoption of other health behaviors that, like LLIN use, require continuous
maintenance: smoking cessation [41], weight loss [42], and medical regimen adherence [43].
Although its importance in other contexts should be confirmed, the relationship between net
Table 2. Demographic data of respondents who completed the extended KAP surveymodule.
SBC villages (30
clusters)
Non-SBC villages (28
clusters)
Total
Characteristic n % n % n %
Total 525 495 1020
Sex
Male 284 54.1 234 47.3 518 50.8
Female 236 45.0 257 51.9 493 48.3
Missing 5 0.9 4 0.8 9 0.9
Religion
Christianity 402 76.6 420 84.8 822 80.6
Traditional 81 15.4 31 6.3 112 11.0
Islam 0 0.0 7 1.4 7 0.7
No religion 26 5.0 24 4.8 50 4.9
Missing 16 3.0 13 2.6 29 2.8
Ethnicity
Igbo 515 98.1 481 97.2 996 97.6
Hausa 0 0.0 5 1.0 5 0.5
Fulani 7 1.3 4 0.8 11 1.1
Missing 3 0.6 5 1.0 8 0.8
Occupation
Farmer (fisherman, animal rearer) 395 75.2 310 62.6 705 69.1
Hand-work (self-employed) 34 6.5 49 9.9 83 8.1
Housewife 19 3.6 45 9.1 64 6.3
Civil Servant 23 4.4 24 4.8 47 4.6
Trader (commerce/sales) 24 4.6 23 4.6 47 4.6
Student 8 1.5 20 4.0 28 2.7
Other 14 2.7 20 4.0 34 3.3
Missing 8 1.5 4 0.8 12 1.2
Education level
None 264 50.3 221 44.6 485 47.5
Primary 150 28.6 164 33.1 314 30.8
Secondary 81 15.4 79 16.0 160 15.7
Post-secondary 18 3.4 25 5.1 43 4.2
Missing 12 2.3 6 1.2 18 1.8
doi:10.1371/journal.pone.0139447.t002
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use and social support presented here suggests a new focus for messages and activities
employed in future SBC interventions, possibly requiring tailored and interactive strategies,
such as home visits, to aid households in developing new norms regarding social support for
net use.
The data suggest that tailored social behavior change interventions that include home visits,
as described here, or some other form of interpersonal communication, may be more effective
than mass communication campaigns focused on increasing malaria knowledge or emphasiz-
ing specific behaviors. Self-reported exposure to SBC home visits was the most significantly
associated determinant of net use in this study population. Intervention process data (not pre-
sented here) indicate that greater than 90% of households in intervention villages received a
home visit; however only approximately half of respondents in these villages reported receiving
such a visit. While over-reporting of performance by community health promoters is possible,
this result may indicate that the individuals who participated in the extended KAP module dur-
ing the survey were not home at the time of the home visit and were therefore unaware of its
occurrence. This information, combined with the lack of observed association between
Table 3. Univariable logistic regression analysis between individual net use and explanatory factors among survey respondents living in house-
holds owning at least one net, Ebonyi state, Nigeria. CI: confidence interval; SE: standard error; Net density: number of nets per household member;
SBC: social behavior change intervention.
Factors Factor levels Total Net used
last night
OR 95% CI p-value p-value test for trend
(n) % SE
Net density (nets per person) <0.05 378 71.11 4.41 1.00 - - - 0.11
0.5–0.9 366 80.27 3.75 1.65 1.03 2.66 0.04
1.0 133 71.90 8.18 1.04 0.42 2.57 0.93
Sex Male 458 69.64 4.82 1.00 - - - -
Female 419 80.24 2.73 1.77 1.16 2.71 0.008
Education level None 414 81.75 3.69 1.00 - - - 0.11
Primary 284 69.78 5.46 0.52 0.24 1.09 0.08
 Secondary 171 69.15 6.18 0.50 0.26 0.95 0.04
SBC intervention No 383 74.70 3.25 1.00 - - - -
Yes 500 92.90 1.33 4.43 2.64 7.44 <0.0001
SBC home visit No 563 76.47 3.46 1.00 - - -
Yes 250 98.18 0.86 16.55 6.02 45.5 <0.0001
Malaria knowledge Low 310 81.63 3.35 1.00 - - - 0.008
Moderate 220 63.32 6.26 0.39 0.21 0.71 0.002
High 323 77.04 3.94 0.76 0.43 1.34 0.34
Net hanging skills and self-efficacy Low 162 74.62 7.17 1.00 - - - 0.04
Moderate 77 89.11 4.42 2.78 0.86 8.99 0.09
High 630 72.35 3.71 0.89 0.42 1.9 0.76
Social support Low 114 63.88 5.88 1.00 - - - 0.03
Moderate 294 82.90 3.72 2.74 1.28 5.86 0.009
High 466 74.82 4.44 1.68 0.89 3.17 0.11
Reported any disadvantage of nets No 703 78.10 3.35 1.00 - - - -
Yes 180 65.44 6.62 0.53 0.27 1.04 0.06
It is safe to hang a net where food is stored Agree 227 73.71 6.19 1.00 - - - 0.24
Neutral 325 79.80 3.88 1.41 0.77 2.59 0.25
Disagree 327 70.89 4.01 0.87 0.43 1.76 0.42
doi:10.1371/journal.pone.0139447.t003
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residence in an intervention village and net use, suggests that home visits may have the stron-
gest impact on directly exposed individuals, and that there may be limited diffusion of informa-
tion between household members. Such findings suggest the importance of including entire
households in a home visit. Additional exploration of the social environment in which net use
behaviors are adopted and encouraged should be the focus of future studies and should inform
behavior change strategies aimed at increasing appropriate and consistent net use in a popula-
tion once barriers to net ownership have been reduced.
It is not surprising that survey participants who reported LLIN disadvantages were signifi-
cantly less likely to not use nets. Further investigation of the specific disadvantages most
strongly associated with net non-use may highlight areas for improving LLIN design, distribu-
tions and communication messages. Less intuitive, perhaps, is the finding that greater malaria-
related knowledge is associated with decreased odds of net use in the examined population.
Such results, though relatively uncommon, are not unprecedented. The literature regarding the
relationship between malaria knowledge and use of bed nets is conflicting, reporting positive
[44–46], negative [47–49] and no [50–52] association. It has been suggested that perhaps only
specific variants of malaria-related knowledge are associated with net use [44] thus signifying
the importance of the content and delivery of knowledge-related survey questions. In this
study, variables included in the knowledge score measured a respondent’s possession of medi-
cally correct knowledge of malaria causes, prevention and treatment. Although social desirabil-
ity bias may continue to influence results, a further understanding of this relationship may be
elicited by examining answers to individual questions rather than a composite score and
adjusting knowledge questions so as to consider whether individuals believe the facts they
report or possess significant local disease knowledge that runs contrary to medically correct
knowledge.
Our results also suggest that individuals with higher education are less likely to sleep under
a net than less educated individuals. Given that we did not find wealth or occupation to be sig-
nificantly associated with net use in our study, the effects of education cannot be explained in
terms of potentially greater access by the wealthy to window screens, air conditioning or
improved housing, any of which might explain decreased net use. A state-wide survey con-
ducted in neighboring Abia state in 2010 also found that net use was not associated with wealth
Table 4. Multivariable logistic regression analysis of association between individual net use and explanatory factors, controlling for net density,
among respondents living in households owning at least one net, Ebonyi state, Nigeria. SBC: social behavior change intervention.
Factors Factor levels OR 95% CI p-value p-value test for trend
SBC home visit No 1.00 - - - -
Yes 17.11 4.45 65.79 <0.0001
Social support score Low 1.00 - - - <0.001
Moderate 4.01 1.97 8.16 0.0001
High 2.22 1.34 3.70 0.002
Reporting any disadvantage of nets No 1.00 - - - -
Yes 0.39 0.23 0.78 0.003
Education level None 1.00 - - - 0.020
Primary 0.43 0.19 0.95 0.036
 Secondary 0.42 0.23 0.78 0.006
Malaria knowledge score Low 1.00 - - - 0.022
Moderate 0.40 0.19 0.85 0.017
High 0.88 0.39 2.02 0.77
doi:10.1371/journal.pone.0139447.t004
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[53]. Generally the literature on education and net use reports that increasing education level is
associated with increased net use [12, 54]. However, a 2012 study examining 2008 Nigerian
Demographic and Health Survey data found that lower education level was significantly associ-
ated with increased net use [55]. The authors of that study hypothesized that the perceived
malaria risk may be higher among poorer, less educated populations. Further examination of
the relationship between education level and lack of, or improper use of, bed nets may shed
light on the underlying factors involved in this association.
The study had some limitations when it comes to describing the processes by which the
Social and Behavior Change intervention created behavior change. We were not able to accu-
rately measure the dose of exposure to the behavior change intervention received by each study
participant or assess the pathways by which information about net use spread between com-
munity members. Though Community Health Promoters collected information about the
number of visits to each household, the net ownership and use in the household, in addition to
the specific information provided and activities conducted during the visit, we were not able to
link households included in the survey to their specific data in the Community Health Pro-
moter registers as a way to cross-validate the participants responses and retention of informa-
tion. As is the case in all studies of net use, the data are vulnerable to social desirability bias,
and those who did receive home visits might have felt more pressure to report net use the pre-
vious night. The study was powered to detect associations between exposure to the intervention
and net use, but was not sufficiently powered to assess effects of the intervention on malaria
infection.
Conclusion
We present here a novel description of the positive influence of social support (ptrend<0.001)
and SBC home visits (OR = 17.1, 95% CI 4.45–65.79) on net use. These results suggest that
interventions focusing on mass media campaigns to increase malaria-related knowledge may
not have as positive an effect on net use as tailored interpersonal interventions involving home
visits. Future malaria programs should therefore consider shifting from the usual mass com-
munication campaign model to community-based interventions involving household visits
that incorporate methods of increasing community outreach and social support for net use
among participants in order to increase net use compliance.
Acknowledgments
The authors would also like to acknowledge: Dr. Ngozi Njepuome (former director public
health FMOH Abuja); Mrs. Nkiru Chinaka, Mrs. Josephine Obiezu and Ms. Njideka Theresa
Okpala (for data entry); Mrs. Adaku Echebima, Mrs. Gift Opara, Mrs. Mgbodichi Onyia and
Ms. Rita Otozi (malaria focal persons in the study LGAs); and Vestergaard Frandsen for pro-
viding some of the LLINs delivered to the sentinel villages in Ebonyi state in 2010.
Author Contributions
Conceived and designed the experiments: AS PMG EM FOR AEP. Performed the experiments:
AS EE PMG AEP LN. Analyzed the data: CLR AEP DAM. Wrote the paper: CLR PMG GSN
AEP FOR. Database management and data cleaning: EE JMNMO.
References
1. World Health Organization. World Malaria Report 2012. Geneva: WHO, 2012.
2. Lengeler C. Insecticide-treated bed nets and curtains for preventing malaria. Cochrane Database Syst
Rev. 2004.
Determinants of Bed Net Use in Southeast Nigeria
PLOS ONE | DOI:10.1371/journal.pone.0139447 October 2, 2015 12 / 15
3. World Health Organization. Insecticide treated mosquito nets: a position statement. Geneva: Global
Malaria Programme, WHO, 2007.
4. Eisele TP, Macintyre K, Yukich J, Ghebremeskel T. Interpreting household survey data intended to
measure insecticide-treated bednet coverage: results from two surveys in Eritrea. Malar J. 2006; 5:36.
Epub 2006/05/09. doi: 10.1186/1475-2875-5-36 PMID: 16677379; PubMed Central PMCID:
PMC1501030.
5. Guyatt H, Ochola S. Use of bednets given free to pregnant women in Kenya. Lancet. 2003; 362
(9395):1549–50. doi: 10.1016/S0140-6736(03)14744-7 ISI:000186464500013. PMID: 14615112
6. Thwing J, Hochberg N, Vanden Eng J, Issifi S, Eliades MJ, Minkoulou E, et al. Insecticide-treated net
ownership and usage in Niger after a nationwide integrated campaign. Trop Med Int Health. 2008; 13
(6):827–34. Epub 2008/04/04. doi: 10.1111/j.1365-3156.2008.02070.x PMID: 18384476.
7. Baume CA, Marin MC. Gains in awareness, ownership and use of insecticide-treated nets in Nigeria,
Senegal, Uganda and Zambia. Malar J. 2008; 7:153. Epub 2008/08/09. doi: 10.1186/1475-2875-7-153
PMID: 18687145; PubMed Central PMCID: PMC2527013.
8. Baume CA, Marin MC. Intra-household mosquito net use in Ethiopia, Ghana, Mali, Nigeria, Senegal,
and Zambia: Are nets being used?Who in the household uses them? Am J Trop Med Hyg. 2007; 77
(5):963–71. ISI:000250735000035. PMID: 17984361
9. Korenromp EL, Miller J, Cibulskis RE, ChamMK, Alnwick D, Dye C. Monitoring mosquito net coverage
for malaria control in Africa: possession vs. use by children under 5 years. Trop Med Int Health. 2003; 8
(8):693–703. doi: 10.1046/J.1365-3156.2003.01084.X ISI:000184268700004. PMID: 12869090
10. Gimnig JE, Vulule JM, Lo TQ, Kamau L, Kolczak MS, Phillips-Howard PA, et al. Impact of permethrin-
treated bed nets on entomologic indices in an area of intense year-round malaria transmission. Am J
Trop Med Hyg. 2003; 68(4 Suppl):16–22. PMID: 12749481.
11. Alaii JA, HawleyWA, Kolczak MS, ter Kuile FO, Gimnig JE, Vulule JM, et al. Factors affecting use of
permethrin-treated bed nets during a randomized controlled trial in western Kenya. Am J Trop Med
Hyg. 2003; 68(4):137–41. WOS:000182515600021. PMID: 12749497
12. Eisele TP, Keating J, Littrell M, Larsen D, Macintyre K. Assessment of insecticide-treated bednet use
among children and pregnant women across 15 countries using standardized national surveys. Am J
Trop Med Hyg. 2009; 80(2):209–14. WOS:000263312000011. PMID: 19190215
13. Adongo PB, Kirkwood B, Kendall C. How local community knowledge about malaria affects insecticide-
treated net use in northern Ghana. Trop Med Int Health. 2005; 10(4):366–78. Epub 2005/04/06. doi: 10.
1111/j.1365-3156.2005.01361.x PMID: 15807801.
14. Graves PM, Ngondi JM, Hwang J, Getachew A, Gebre T, Mosher AW, et al. Factors associated with
mosquito net use by individuals in households owning nets in Ethiopia. Malar J. 2011; 10. 35410.1186/
1475-2875-10-354. WOS:000299058500001.
15. Hwang J, Graves PM, Jima D, Reithinger R, Kachur SP, Ethiopia MISWG. Knowledge of malaria and
its association with malaria-related behaviors: Results from the Malaria Indicator Survey, Ethiopia,
2007. PLoS One. 2010; 5(7). e1169210.1371/journal.pone.0011692. WOS:000280197500030.
16. Nganda RY, Drakeley C, Reyburn H, Marchant T. Knowledge of malaria influences the use of insecti-
cide treated nets but not intermittent presumptive treatment by pregnant women in Tanzania. Malar J.
2004; 3:42. Epub 2004/11/16. doi: 10.1186/1475-2875-3-42 PMID: 15541178; PubMed Central
PMCID: PMC535531.
17. Toe LP, Skovmand O, Dabire KR, Diabate A, Diallo Y, Guiguemde TR, et al. Decreasedmotivation in
the use of insecticide-treated nets in a malaria endemic area in Burkina Faso. Malar J. 2009; 8:175.
Epub 2009/07/31. doi: 10.1186/1475-2875-8-175 PMID: 19640290; PubMed Central PMCID:
PMC2729312.
18. Keating J, Macintyre K, Mbogo CM, Githure JI, Beier JC. Self-reported malaria and mosquito avoidance
in relation to household risk factors in a Kenyan coastal city. J Biosoc Sci. 2005; 37(6):761–71. Epub
2005/10/14. doi: 10.1017/S0021932005007182 PMID: 16221324; PubMed Central PMCID:
PMC2705334.
19. Pulford J, Hetzel MW, Bryant M, Siba PM, Mueller I. Reported reasons for not using a mosquito net
when one is available: a review of the published literature. Malar J. 2011; 10. doi: 8310.1186/1475-
2875-10-83. ISI:000289690500001.
20. Ngondi JM, Graves PM, Gebre T, Mosher AW, Shargie EB, Emerson PM, et al. Which nets are being
used: factors associated with mosquito net use in Amhara, Oromia and Southern Nations, Nationalities
and Peoples' Regions of Ethiopia. Malar J. 2011; 10:92. Epub 2011/04/19. doi: 10.1186/1475-2875-10-
92 PMID: 21496331; PubMed Central PMCID: PMC3107818.
21. Dunn CE, Le Mare A, Makungu C. Malaria risk behaviours, socio-cultural practices and rural livelihoods
in southern Tanzania: Implications for bednet usage. Soc Sci Med. 2011; 72(3):408–17. doi: 10.1016/j.
socscimed.2010.11.009WOS:000289911400012. PMID: 21211875
Determinants of Bed Net Use in Southeast Nigeria
PLOS ONE | DOI:10.1371/journal.pone.0139447 October 2, 2015 13 / 15
22. World Health Organization. World Malaria Report 2010. Geneva: WHO, 2010.
23. National Population Commision (NPC), ICF Macro. Nigeria Demographic and Health Survey 2008.
Abuja, Nigeria: National Population Commision and ICF Macro, 2009.
24. Federal Ministry of Health, National Malaria Control Programme. A Road Map for Impact on Malaria in
Nigeria. A 5-year Strategic Plan: 2006–2010. Abuja, Nigeria: Federal Ministry of Health and National
Malaria Control Programme, 2006.
25. Federal Ministry of Health, National Malaria Control Programme. Strategic Plan for Malaria Control in
Nigeria 2009–2013. Abuja, Nigeria: Federal Ministry of Health and National Malaria Control Pro-
gramme, 2008.
26. Federal Ministry of Health, National Malaria Control Programme, editors. Nigeria National Malaria Con-
trol Programme 2012 Program Update. The Carter Center Program Review Meeting; 2013 March 8,
2013; Atlanta, GA.
27. National Population Commision (NPC), National Malaria Control Programme (NMCP), ICF Interna-
tional. Nigeria Malaria Indicator Survey 2010. Abuja, Nigeria: National Population Commision,
National Malaria Control Programme and ICF International, 2012.
28. United States Agency for International Development. Nigeria Malaria Operational Plan FY 2015. Presi-
dent's Malaria Initiative, 2015.
29. Richards FO, Emukah E, Graves PM, Nkwocha O, Nwankwo L, Rakers L, et al. Community-Wide Dis-
tribution of Long-Lasting Insecticidal Nets Can Halt Transmission of Lymphatic Filariasis in Southeast-
ern Nigeria. Am J Trop Med Hyg. 2013; 89(3):578–87. doi: 10.4269/ajtmh.12-0775 PMID: 23939708.
30. Okorie PN, McKenzie FE, Ademowo OG, Bockarie M, Kelly-Hope L. Nigeria Anopheles Vector Data-
base: An Overview of 100 Years' of Reserach. PLoS One. 2011; 6(12): e28347. doi: 10.1371/journal.
pone.0028347 PMID: 22162764
31. Glanz K, Rimer BK, Viswanath K. Health behavior and health education: theory, research, and practice.
San Francisco: Jossey-Bass; 2008.
32. United Nations Children's Fund. Multiple Indicator Cluster Survey Manual 2005. New York, NY: UNI-
CEF; 2006.
33. Sallis JF, Owen N, Fisher EB. Ecological models of health behavior. Health behavior and health educa-
tion: Theory, research, and practice. 2008; 4:465–86.
34. Rosenstock IM. The health belief model and preventive health behavior. Health Educ Behav. 1974; 2
(4):354–86.
35. Prochaska JO, Velicer WF. The transtheoretical model of health behavior change. Am J Health Promot.
1997; 12(1):38–48. PMID: 10170434
36. Heaney CA, Israel BA. Social networks and social support. In: Glanz K, Rimer BK, Viswanath K, edi-
tors. Health Behavior and Health Education. San Francisco, CA: Jossey-Bass; 2008. p. 189–210.
37. Der G, Everitt BS. A handbook of statistical analyses using SAS. Third ed. Boca Raton, FL: Chapman
& Hall/CRC; 2009.
38. Vyas S, Kumaranayake L. Constructing socio-economic status indices: how to use principal compo-
nents analysis. Health Policy Plan. 2006; 21(6):459–68. Epub 2006/10/13. doi: 10.1093/heapol/czl029
PMID: 17030551.
39. Heeringa SG, West BT, Berglund PA. Applied Survey Data Analysis. Cameron AC, Gelman A, Long
JS, Rabe-Hesketh S, editors. Boca Raton: Chapman & Hall / CRC Press; 2010.
40. Umberson D, Karas Montez J. Social Relationships and Health: A Flashpoint for Health Policy. J Health
Soc Behav. 2010; 51(1):S54–S66. doi: 10.1177/0022146510383501
41. Palmer CA, Baucom DH, McBride CM. Couple approaches to smoking cessation. 2000.
42. Jeffery RW, Epstein LH, Wilson GT, Drewnowski A, Stunkard AJ, Wing RR. Long-term maintenance of
weight loss: current status. Health Psychol. 2000; 19(1S):5.
43. DiMatteo MR. Social support and patient adherence to medical treatment: a meta-analysis. Health Psy-
chol. 2004; 23(2):207. PMID: 15008666
44. Ankomah A, Adebayo SB, Arogundade ED, Anyanti J, Nwokolo E, Ladipo O, et al. Determinants of
insecticide-treated net ownership and utilization among pregnant women in Nigeria. BMC Public
Health. 2012; 12:105. Epub 2012/02/09. doi: 10.1186/1471-2458-12-105 PMID: 22309768; PubMed
Central PMCID: PMC3340311.
45. Biadgilign S, Reda A, Kedir H. Determinants of ownership and utilization of insecticide-treated bed nets
for malaria control in eastern ethiopia. J Trop Med. 2012; 2012:235015. Epub 2012/12/05. doi: 10.
1155/2012/235015 PMID: 23209476; PubMed Central PMCID: PMC3503393.
Determinants of Bed Net Use in Southeast Nigeria
PLOS ONE | DOI:10.1371/journal.pone.0139447 October 2, 2015 14 / 15
46. DeressaW, Fentie G, Girma S, Reithinger R. Ownership and use of insecticide-treated nets in Oromia
and Amhara Regional States of Ethiopia two years after a nationwide campaign. Trop Med Int Health.
2011. Epub 2011/09/03. doi: 10.1111/j.1365-3156.2011.02875.x PMID: 21883727.
47. De La Cruz N, Crookston B, Dearden K, Gray B, Ivins N, Alder S, et al. Who sleeps under bednets in
Ghana? A doer/non-doer analysis of malaria prevention behaviours. Malar J. 2006; 5:61. doi: 10.1186/
1475-2875-5-61 PMID: 16867194; PubMed Central PMCID: PMC1553454.
48. Mwenesi HA. Social science research in malaria prevention, management and control in the last two
decades: An overview. Acta Trop. 2005; 95(3):292–7. doi: 10.1016/j.actatropica.2005.06.004
WOS:000231886300017. PMID: 16011829
49. Winch PJ, Makemba AM, Kamazima SR, Lwihula GK, Lubega P, Minjas JN, et al. Seasonal variation in
the perceived risk of malaria: implications for the promotion of insecticide-impregnated bed nets. Soc
Sci Med. 1994; 39(1):63–75. Epub 1994/07/01. PMID: 8066488.
50. Aikins MK, Pickering H, Alonso PL, D'Alessandro U, Lindsay SW, Todd J, et al. A malaria control trial
using insecticide-treated bed nets and targeted chemoprophylaxis in a rural area of The Gambia, west
Africa. 4. Perceptions of the causes of malaria and of its treatment and prevention in the study area.
Trans R Soc Trop Med Hyg. 1993; 87 Suppl 2:25–30. Epub 1993/06/01. PMID: 8212106.
51. ChamMK, D'Alessandro U, Todd J, Bennett S, Fegan G, Cham BA, et al. Implementing a nationwide
insecticide-impregnated bednet programme in The Gambia. Health Policy Plan. 1996; 11(3):292–8.
Epub 1996/08/05. PMID: 10160374.
52. Rickard DG, Dudovitz RN, Wong MD, Jen HC, Osborn RD, Fernandez HE, et al. Closing the gap
between insecticide treated net ownership and use for the prevention of malaria. Prog Community
Health Partnersh. 2011; 5(2):123–31. Epub 2011/05/31. S1557055X11200044 [pii]doi: 10.1353/cpr.
2011.0018 PMID: 21623014.
53. Noland GS, Graves PM, Sallau A, Eigege A, Emukah E, Patterson AE, et al. Malaria prevalence, ane-
mia and baseline intervention coverage prior to mass net distributions in Abia and Plateau States, Nige-
ria. BMC Infect Dis. 2014; 14(1):168. doi: 10.1186/1471-2334-14-168 PMID: 24669881.
54. Singh M, Brown G, Rogerson SJ. Ownership and use of insecticide-treated nets during pregnancy in
sub-Saharan Africa: a review. Malar J. 2013; 12:268. doi: 10.1186/1475-2875-12-268 PMID:
23914731; PubMed Central PMCID: PMC3734149.
55. Auta A. Demographic Factors Associated with Insecticide Treated Net use Among NigerianWomen
and Children. N Am J Med Sci. 2012; 4(1):40–4. doi: 10.4103/1947-2714.92903 PMID: 22393547;
PubMed Central PMCID: PMC3289489.
Determinants of Bed Net Use in Southeast Nigeria
PLOS ONE | DOI:10.1371/journal.pone.0139447 October 2, 2015 15 / 15
